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nn.'H('iDUCTION 
In modem greenhouse managet:l•nt, tll:e use ot soil u a 
cultural medium 1a de1"1n1tol.1 being challenged from an 
economical standpoint due to inoreaaing ahorta.ge ot labor 
and the atea.ey advancement or hJd,Popon.1.oa or aoll1eaa culture 
ot benoh eropa. 
Seve:ral :r•rs ago, gro•on in this state :realised that 
a study oonoem1ng ti.he behavior ot ft.1"1oua aoila would be 
benet'1c1al and timel7, and. tho Ion. state Florieta• reaearch 
eorw:aittee au'bmitted a det1n!te propoaal to the college tor 
~nhouae ao11s inveet1,sat1ona. AS an outoa:1e ot thia, 
ProJeot 676 of the Iowa. Agr1eultu!'a.l. Experim.ent Station waa 
initiated ~ l, 1939. 
Work began tba.t .fall with ,PNliminaey 1nYeatigat1one by 
stenetram. (26) who atud!ed tho bebav1otU" of oa:rnat1ona, 
anapdragona, stocks, and oinerarias on e!:I. d1tf'erent ao1la 
as beno.h cropa and pot plants Hapeotive17., onl7 to find ve17 
little 411'.terencea b0tuen the plant• grown on tbe d1.t1'erent 
aoua. 
'!'he next year Yol.a et al (29) repeated tbe oe.rnat1on and 
c1nerar1a ez;permenta and oont1med the results ot the .tin\ 
1ear'• etud,J. soils uaod tbe prev1oua year 1n the produotion 
or a crop ot anapdragons toll.owed b,- a o.rop or atocke, were 
carried. over the second year and on theae aolla a crop of 
om,.ant1lmm.aa was growa followed b7 a crop of atooka. Whan 
the data tori theao L.weat1gationa RN compiled. l1t.tle dU'• 
£orence waa found between 'tho varioua aoll t:rpea. The tact 
tbat ac m&Jl1' of those ao1l• pe1"1"onnod so nearl7 alike aeemed 
to indicate tbilt vi tb proper l>andl.lng moat Iowa soUa oan be 
.-le to produce good ~ial flower oropa. 
The aaterial prea&nted in this thNia oonetltutee a 
progreaa report ror the third 7ea:r. In geneml, it m8.1' be 
dirlded into two partat (a) the repet.1t1on ot the t1rat year•a 
•tud7 ua1ng the ume ao11 for the third conseoutin year ud 
(b) .further atudiu •1th new eo!l eamples growing oamatlona 
and pelargone\IU reepecUvel.7 on the va.r1oue soil types. A8 
&tQ' e.xperimenta.l work progreas••• nattuN.llJ' cbangea are made 
1n method.a J certain on._ have been made th1a J'e&r to el1m1na te, 
as tar a.a possible. all aou.rcea or error that might at'f'ect tb8 
reaulta. In any probles, J.a71ng the f'ctmdat1on a. indeed, 
:moat essential and sometime• dlti"'icult.• am to build on theae 
toundat!ona ia reJ..at1TeJ.7 aimpie. It 4lq tUFtber knowledge 
1a gained b7 the 1ntormat10t1 preamited in thia tbffia, the 
cred1 t la Jua tl7 due to those 111di v1d.ual.a who have oa.rrie4 
on thi• ;>reject 111 previous jeara. 
REVI~ Ol:jl I .. IT.~\'?'UEE 
A rn1• of l1tet"ature 4..Ulng with the pl'Oduction or 
t'l.O'W'era under glaaa reveal..• t• 1nveat1p.t1ona concerning the 
bebav1ov ot d.1tteren~ tna• or aolla under ~uae oon-
<11 tions. Although oon.aidenble work has been don• on the 
problem• of aoil r•oagemant and tatll1 t7, a eearch 1n the 
literature ot all.1ed t1eld8 ia nGOe•n.J'1' to determine wnetha:r 
or not a certain two ot ao11 is auperior to another tor the 
production ot Cl"OP8 under glaaa. ~ • more 1ntomat1on 
on the relation of ao1l tuture tc crop .-.qu!~ta 1a 
&Wt.il&bl• (ll, 40). 
~uae Soll Stud1ea 
'l"b.ere have been. several papers publiahed OOnCOl"'nir~s the 
probleua ot greonllol1ae ao1l~h Volz a.nd ?oat USO), exper1 ... 
inenting with the sweet pea &"ld othtn'* greenbouae crape, tound. 
that the organ1c matter content ot the soil had a definite 
ettect upon the resuJ.t1ng 1>lant growth., but tb.e ef'f'eot va.rl«l 
w1th tbe speoioe of plant uaed. mum pot pl.ante wen gown 
with V&J!"7.ing oontente ot organic matter, t.b97 d1d ncl Jte•Pond 
1n the aame '1MJ' a.a benGb Gl"O,pa1 nor did legumea behave the 
11ae aa non-legumea. 
In & aeriea o~ art1olea dealing with the 11u.tcur1ng of 
max1ma produ.ctt1on fl'Om aolls under greenhouse oon:l 1t1oua. 
Poat (16 1. p.13) atated 1n the introduction to one 0£ thee• 
a.rt1clee that 
General rul.ea, 1t is as.id, cannot be ~ to 
govum the te:.rt1l1iing ot all plants under vaqing 
ao1l oond1t1ona. Boat grower• have deviaed a part1• 
oular way of rl&klng &."ld t:reatlng their aoil• ~ two 
Cl' more grower-a _,- have the amno er a1m1lar ~ of' 
aoil to work with• and tftat it entirely ditt"erent~ 
7et arrive at the -... or qu1te aimilar reaulta. 
Soil TJpe st'Udias in the GNSnbo'Wle 
Although it 1u7 have be<m implied above that tb.e atuq o:£ 
g70Vth rea~e to ..-arioua aoll t;:,pea under [3lua baa been 
·neglected, 7et there h&a been aano work done along tboae l1nea. 
Perhaps t.he torerun.n•r ot the studiu with tlor1ata' 
ci-opa n.a the inftatiga.tion carried on at the aaaaahuaette 
station. White {26. 38) working 1n eocperation with nine 
growers 1n that atate ca1nta1ned plot.a at the 1nd1v1dual 
gJ'Onr•a range. fhue pl.ote were f'ert1l1Hd u directed b7 
the etat1onJ recO.l"da wwe kept on ;rielda and when t4le Gata f'or 
the t!r11t aea.eon were compiled. it na .found there were no 
appreciable d.1tterence'4 1n numbe:ra ot flow.as produced per 
•'1Jl'N .toot. W'n.enevar a grower bad high yields on hia own 
plota. the college t.:reat.ment gave equally high production. 
conYeru17, where t.he production wa.a low on a grower'• bench 
'1le oollege treatment alao gave low yields. It would ••• 
that ao11 '1l;>e did not. inf'luenoe actual production so much u 
t.he treatment give the aou,, 
In line with the C(mel.usiorua drawn at the Maeaaohu.aetta 
st.at1on were tb.oae 0£ 'i/Ola and Sten#tl'a:I (81) ~ 1r0rid.ng with 
aix dif'!'ereut Iowa soil tn>U• cam&tiona,. sn.a:pdragona and 
•tocks. we1"& gl"O\m u bench orop• in wndom1z.oct bloeke ot thue 
dltfor<m.t aoila. TY• cinora.ria, ••lected as a :ropreaentativo 
flowering pot pl&.nt. n.s handled in tbe us,18.l Catllmc:roial 
manner and gown on the awru:J uo1U. llhen the data from. these 
~iments were oomp1loo, it as found tr..at there 11&4 a aig-
niticsant dif'tarence or 0Qm'.l1ercial importance between the di:t-
terent soils in th.s atnerar1a wc;pertment. However, •1th the 
bench cropa., no a1gn1t1ca.nt dit:ro:rence• of camnercial im.por-
tance were noted between the si.x d1.ffererit ao11a. 
The following year tb.e aame 1nvest1ga t1on was MPM ted bJ 
Vols and Pickett (29) wtL"l£ oamationa and o1nerar18.e 1n 
ezactlJ the aan.e m8.ftnfitr. Tl:ie old a-011a. on which a crop or 
anapd.ragona vu ra1aed f'olloVMld by a crop ot stoo.ka• WGl'O 
aterili&ad.1 tortiliaed and on tbM• was rahed a crop ct 
~~ followed bJ' a erop of' etooa. '!he reault. ob-
tained that year oon:t"ormed to thoae 01: the prev1oue year. 
Stocks grew uni!o~ well on all ao!ls and dUferenoea 1n 
plant height vere not a1gn11"1cant. Cinenria•• grown in pota 6 
9llowed alight differences in. ~helr reaponae to tH1vera1 aoila J 
however. these di.fterencea could not be conaidered 001'11meroiall7 
a1gtiif1cant. Chr:'•H1.nthe:l.ums, aubatituted. for anapdr&gona. 
shower! no s1gn1.ticant diftaronoea 1n diameter o~ .flower Ol" 
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stem. 1ength while tbe s.ar:io aituat1ol'l exi.st«i 1.'or oarnatlons 
Y.thieh wore Oa';1],)8.red £or B te;;l let};tith, diameter 0£ .f'lower and 
nunber 0£ blcm:.s per plant. 
GJ.!o'Wth Besponees with Old Soil 
Fol' generations it bas been taken tor granted tltat the 
aoll .1n the greenhouse ahouJ.d be renewed each 7ear 1n order to 
eeoure maximum production. \Then aome of the large o1t1ea en• 
circled greenbmuse eatabliabnsnta., aocuring na soil became a 
prol)l.en• It was th.en that the agricultural experimen't station.a 
undertook the probl.Alm or det".$m1n1ng whether or not aoU ac-
tual.17 became leas productive under continuous cropping. 
Old aoil unster111z.ed _................
Without question, the gl'$&~est single atud:J' conoerning the 
behaviour 0£ old aoil has been oo.rried out a.t tho Ill1no1a 
Station. ~tena1•• 1mreat1gatiom have been in progreea over 
a period of about 24 1•r11• r:rom 1919 to tba present da7, '° 
detemi.."le whether or ~1ot old aoll 1• aa pX"Oduotive aa new. some 
of the 90ila WH•d 1n the or1g1ns.l atu.diea are stUl producing 
cropa tod.&J'• When the data. oollected over a period ot 7-.ra, 
were oompiled, 1t was found by Weinal"d and Decker (33) that no 
apparent relat1onab1p exle~ed between the age of' the old soil 
and the yield of oarn&t1on :flowers., Abou\ u.,: fewer tlowera 
ve:re cut from pla..~ts on old sou ao oompa.J'ed to thoae cut trcm 
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pl.ante on new aoil. 
Pembar and Ad.ams (13),. working at the Rhode Island staUon • 
reported ai:n1lar results when thq found tl»lt the yield ot 
f'irat and second grade oamat1ona wu red:uoed about 6:( on old 
ao1l. The tables presented 1ndioated that the rod.tlot1on 1n 
total yield on old. ao1l waa about 7 o~ 0%. 
Wol"k similar to that perf"omed at the lll1noie and Rhode 
Island Stations wu undertaken at Ohio and again the Nsulta 
showed a ~t decrease in )1.eUJ.a. !he t~1'"St year• when th.e 
aoU wa.a a .fn8h compoat. the average 7iol.d. of' carnations .. 
a.bout 10.7 :tlowen per plant. on the same plota the tollowing 
7e&r• the 7ield. bad dropped to 6.2 f"lOHN per pl&ntJ the D.Ut 
7ear it was turther reduced to 2.9 nowere per plant {to). 
In amm:iaruing tho concluaioria that have been ~aent.ed• 
the statement mad• bl' we1nard and Hall (M) ee-.e ft1!7 &PJ>l'OP-
r1ate men they said,. 
It 1a evident that under o.rdina.J!7 oon<Ut1ona 
ca.mation aoilA need to be c.hmlged ach :rear it tbe 
bighea t y1elda are to be ma.in taina.1. Thia has been 
al'lOw.n b:r uperl::r.nts e.xtend1.il£ over a number or yeara. 
Old aoil ater11iaed ---·-·---
When it be.came apparent tha.t untreated old soil became 
more unproductive each ,-ear it was oropped.1 tb.e only loe;ioal 
solution to this soil problmn confront1:::1g the growera waa 
either to get nw ao1l or rejuvenat.o the old. In m&nJ' cities 
the tormor solution became leas practical a.a time paaaed. 
'?he alter:native,. tmn. was tor the Experiment station to deter-
mine just hov old soil oou11 be handled to bring it back into 
production. 
several lines of attao.k were uated 1n thia problem. The 
e.-pplication of lime to old soil aeemed. to bave a bene.f1cUl 
etteot (~G). F!nalJ.7 • a team a ter111zat1on wae uaed. and Wain&rd. 
and. Decker (33) found that when old cal'1l&t1on aoU. 'W9nt treated 
in this: manner. t!l8 nure!ber of carnation. !"lowera per _i>lant wu 
grea.tl.7 tnc:reaao<! and the qualit;y ot the f'l.owens !Jnproved. 
Cropa eut ~ soil treated wlth •team were u good. o:r even 
bett$r. than the ~/ielda fran n.ew soil. 
In later years,, roses ore used 1n L"lOther experiment 
wlth old &oil. It waa tcru.'ld th.at vhen the vari&t1ea Better 
!'1mca 1 !lappy ~·• Talisman !io. 5• and Yellow Gloria were pmm 
on unsteril1zed old &oil, tM yield. dearaaaed. 6 to '6,C 1n oaa-
;parison w1 th new eoil. The average red.uet1on in the aeoond 
aeaaon. due to the uae of un.et81"1lUed old ao11, aa 24"' when 
t.be old aoll was at.r111Hd, bowever• 6 - a:& JlOre n.oeen ware 
out tram t...~ t1Ye 7-.r old 11torilised aoll than from the new 
sc11. Where the nw eo1l. wa.a. ater111•e4• She yield• nre im-
proved,. aomfN'ha.t, OYer Dft' aoil which aa not t.ree:ted.. Stea 
lengtb wu about the ~e in aterll1sed. ol4 aoU &a on new 
aoilJ the avenge length on tho nn eoil a.a 12.7 inobea,. on 
the old ao1l at.Grill.zed l.2.s. and on the old aoil not ater1-
liaed u.5 caa >. 
Kore rec•ntl;y, it ha:a been demonati-a;.ed by Weinard, Uall 
and WL".1.gert (37) tba.t the results or t1u-ee yeara• teats with 
rosea con.f':lrm thoae reported in previous years. 
It was totmd that when tt1e aame rou.r varieties or roeea, 
mentioned above, wer<!t gl"OWn on old and na aoU ate4Ul ateri• 
lized., hot water ater11ized,. and untreated, tJJ.e old eoil not 
ater111sed gave poor r•aults. The average y1eld ot" aJ.l var1e-
ti•• f9'011'1ng on the untroa.ted. old aoil n.a 31$ leas the 1"1.rst 
year than tboae on un~ted new soil. Tl1e second year t!le 
old aoil avenged ~ l••• than tho new &oil, while the tlJ.1.l'ld 
year the ditterenoes we1·e negligible tndioat;ing that the ad• 
vantages or new aoil (or ateriliaed. old soil) deoreased with 
time. 
It waa concluded tram tb.ia il1voatiaat1on that the neul.ta 
or tho expe1~u·nmt ind1oated that !'Jim a production atand.pcint• 
1 t ls practical to continue to us& rose sou that baa been 
1n tho bench fol' S or ' yea.rs~ provided 1 t 1a properlJ' ater1 .. 
lued with heat. 
In ~1z1ng t3;le work presented 1n the literature. 
there 1a obTioual;y a def'1n1 te trend 111 peenhouae management. 
toward tho UH of old aoil that baa boen ateril1zoo w!th atoam. 
A.a all of these invea tiga tione have to do o~ w 1th a aingle 
aoil \J'.P•• the uiat-eri&l pNaented 1n the tollowi:.~s pa.geB will 
describe the bobav1our or YU!ous greenhouse cropa W'aen grown 
on dUfe:rent t~a of Iowa •oil.a" and the atud1ea include the 
ef':feota ot ater1l1&1ng both old and :new aoils. 
-lo-
Choice ot Soila and Crops 
Solla 
A8 thia atl.tdJ' deal• w1t.h til:le continuation. ot work !ni-
tiated at this station eevaral. year& ~. the selection of aoil 
qpee WU predetermi:r:lftd by the WOJ'k of the pl'9'YiOUll ;r-.... 
It soUld be aupert:Lucu to 80 into &n:1' lengthJ' discussion 
u to tb& r..ature ot these 41tterent tJrpea, t'or that baa. boon 
:pJ"eaented very thorou~ 1n previous ropo:rta (26). Hotlreftr. 
a brie~ ·~ ia in order, and it .'rtifl.7 be aaid that tb8 aoila 
ffleoted for thla •tudf ropreamt acme of' the most p:rodnct1w 
one• in the ate.ta. on each ct tb.eae 41tterent types a la:rge 
g?-etmbouoe range 1• looe.ted• and the 01m.-. 11aYe ooopen.ted 
with the Ex;,Poriment Station bf eend1ng in ft.he 11&r1oua 1f1pee 
tor stud7. Tbeae .toils na.y be di.v1ded into tbJtee groupa1 the 
pia1r1e aoila. the forest or gra.7-bl'CJwn podzol eoila,, and the 
all.uvial aolla. In eaeh group two l"Gpnaentat! Te types .,... 
seleotedt 
Pra11'1e - Webster loam 
CJ.a:rion loam 
Podaol - Kn.oz ail.'t lom 
Ol1ntcm. a!lt lea 
Alluvial - O'lfe1l1 loam 
'Nabs.ah 81lt7 C.laJ" loam 
-11-
A greenhouse compoat prepared with Webster loam and 
~ in tb.e ratio ot 3 to l,, by the now popular fiel.4-mothod. 
was also :tncluded a.a a buia tor comparison. 
T'broughout the remaillder of this paper the aoila will be 
referred to by their a,eriee name cml.y, and the Webster loam 
~post will be i:mcam aa com.post. 
Si.nee uoa t cf the ~o:iliou&e ranee• in !owe. are not large 
enough to specialiao in o.ne particular crop6 the usual practi•e 
1a to 1nc1ude both bench crops and pct planta in a rotation. 
The teatint; ot &niJ ao11 type here in Iowa would then be ot 
llttl• pract1oal val.ue. it the atudJ' did not inol.ude both pot 
pl.ante and beneb crops. 
Bench c.ropa ma.1 be .further subdivided into two main groupa: 
n•Jor bench cl"Ops and minor benoh oropa. In the .f'omer group 
the roae ranks t1rat. followed b7 the oarnation. The latt.er 
group includes such pl.ants aa anapdngona, • tocka 6 and others. 
It wa.s decided t...'lat repnaentat1vea he& both gi•oupa Alhould. be 
1l1cluded in this atudJ• Si.nee it takes a numbe.r of yea.ra to 
aecuz•e data on an7 roao expm 1M«it, tho '1.a:e ot th:ta plant na 
prohib1 ted, beeau.se ot t..1.e fact these oxper!menta were llm1 ted 
to a period ot about a year. For that rea.aon, the carna t1on, 
Diantbua !!£ZOSllwt• Linn., wu seleetad a.a a aajor subject. 
In two previous 7ears the variety Maytinte was ueed and cauaed 
oons1derable trouble beo&ul!e ot the number or split calycea. 
Cal.7X apl1tt1ng 1s. wit.11.ou.t qtieat1011. one 0£ the most serious 
troubl&a ot the carnation,. causing a ~ loas, 'bo tho 
nonsta, 1;h.at has been eatL-natod at about $1.000,000 ca.ch 
,-ear, or approx!nate.17 l/10 ot the total crop. (27). There 
have been se-veral h:fpothesea presented to acc<nmt tor this 
epl.1ttin.g,. yet thero a.-. to be no exact p:r:oor. Sot1e growers 
and other me in the trade attribute apl1tt1ng to ~t1oal 
taotors (6. ll) J others to env1ronr.lental .ta.cton (28), 0th.ore 
to nutritional (2'1) • and others to a CO:-.tbinaticn ot all tbue 
factors (6). Rega.roles~. or ca.use, gro.w•s at1ll lmow that 
variet1ea i-oapol'ld. d1ttere.nt17, ar.i:i since the vv1et7 lfqtime 
provided a grea.t deal of trouble. Pollyana •a chosen t.or 
tlli• ex.per1;;1e.11t and :;.n~ved ••1!1 Rtiafacto1"7. 
snapdra.gon, Antirrhima ma.fl!! 1 L1nn. var. Cheviot Haid 
Supreme, was aelooted u a repreaen.tative 0£ the minor bench.-
crop group for the fir'st yea•e ex;per.blent; although t.."tl.a 
variety reapondod well, 1t was decided that tJile year another 
ehpul<.'l be tried to • oe whether or not tho variety used bad 
arq ef'tect on tlle resu.l ta obtained. Variety Peggy Soh'll'Mlml 
was choa &n and al though 1 t :resembles Cb.eviot liaid 3Upx«ne acno-
wlll.lt 1n color and growth• growe,rs a.re of the opinion that the 
heads of the flower •talk• or 1ntlorosoence. have a dec.ided 
tendenoy to bo s.h.ort,, and that waa found. to be the cue. 
Aa aoon as t!lc snapdragons ~~n1ng 1n t..'le old aoil axper1• 
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ment -.re barvested• another bench orop waa neod.ed. to plant. 
'119 bench. The wo:rk of the two prev1oua yoara baa aJ.nra 
included a cl"Op ot stocks, Matthiola 1noana. a. ar •• on tbia 
.-. ao11 in the earl7 •Pl"ins to aene a• a check on the PJ"O• 
duot1v1t7 of the aoll. It •• decided that thia 7eu- no 
oba.ngea woul4 be mad• 1n the procedure ot pa.at yean and that 
the aame Y&ri&tJ°• Lilac Lavender. ahould be uaed. The atook 
la, 1n it.aelt,, a unique plant and tor yean it bu battled. 
both the genetioiat and noricultu.riei bf 1ta flOW"ering 
babit. The tlowera ot atoclta a.re ot '1ro kind.at the ainglea 
and the doubles. !he tomer are used. somewhat b7 the tlor1at 
7et theJ are not 1n auoh d--.nd a.a the latter, nor do th97 
brins au.oh high prices. For this reaaon then• t.he larger th& 
nwnber or dou'bl.•a produced on a beneh. the grater will be the 
proti t. ID order to aeoure theae doubles, aingl.e flowers 
must be uaed to produce eeed, aa the double .tlowen are --
tirel.7 devoid. ot &nJ' reproductive pa.rte. When a large ntaber 
ot aingle planta are ael.t-pollinated and all. the aeedl!nga 
ot •ch are saved., it baa been d1acovered that the ainglea 
an ot ~ aorta. TJ'pe l produoea onl7 aingle-tl.owend plantaJ 
tn>• 2 produces 3 aingle-fiosered planta to l double-flowered; 
and type :J produo .. about 5~ ot double-tlowered type ot 
plant• and 46% aiugle-tlowered. !he aingle-nowered pros81J7 
ot tJpe l aingle• never produce arq doublea in their 
aelted. progen1eaa tbe,r are pure tor einglen••• The single-
no•red progfmJ' ot tfpe 2 ai-e ot we k1nd.8 • 1/3 beizlg PUft: 
tor a:L"'lgl«lees and 2/3 like type 2J that 1a, pl"Od'tltcing pNgen1ee 
w1 th 3 ainglcs to l 40\lble. Most ot the s1ngl.e-tlotrered progeDJ' 
ot type a ai.."lgle repeat the :pGrfo~c• ot tbeiJ" parente, each 
ag&L"l producing about N% doubles (9). 
'fb1e :tnfoana.tion wu not kf'..,own a.t ~ beginning of the 
20th oentUJ.'.71 and z::~&n7 di.tforant lqpothesee were postulated u 
to ho• to secure c greater percentage ot ctoublo-fioweraJ nan 
w1toh-cratt wa.a used to trJ to increase the ntwbe~ ct doublea .. 
Ftc1&ll7 saun.den (22. 2:>) bi'<Yupt forth pl'Oot tb&t without 
sel.eotton. oit.b.er conaeiou.a or unconac1o~. the percentage ot 
doub1•• would be 1n the neighborhood ot 51 • M:'· Th1a d14 
not explain just hoYI to •elect plant& 1n ord.ar to a eoure the 
high percentages of double• claimed b7 groW'aN. sa.imdara (21} • 
White (39) and Dmneller ('1) pointed out 1n later 7ean that 
1t the larger• more Yigoroua aeedlh\p -.. uaed the peruntap 
ot double• would be 1ncreaae4 great1J• 
In order to a t"t.:tdJ' the reaponae ot pot pl.ante to tbeae 
d1ff"erent ao1ia. 1t waa neoe&aU'f to cbcoae a plant that 1• 
~ co=:mereiall7 a.a euoh., The studio• of the put '1ro 7-.n 
were carried out with the c1.nerar1a, Ctneraria el'Um.tws, Y&a••• 
Thie plan.t 111 one that 18 grown hoti ••ed.• ~ in order to 
· broad.on th!a at-Jd.7 one propaga:ted b1 cu ttinga na included. 
several poaa1b111t1es were oona1derecl and tinal.q the Hartba 
Waahingtaa gtU"ani•• Ped:!£En1m dd"leat101a '\far. Azalea~ 
was selected. !be Martha Wuh!ngton genn1'Ullfl. ia ~ tu'Jm..,. 
wl'J& t, 1n oc:c:merclal peenbouaa ;yet the poJ>u.l.ari t,- of thie 
potted plant ia not wid~. Oft• of the moat ~on t'aulta 
aaaoclated with it 1• the ~ouliar hab1t or dropping flower 
petals whenever the plant comes in oontact with a audden. ohaDge 
ot terTJ.pera.tw.-e. !"ae cammcn gennium .... considered as a aub-
joot tor thi• eXperment, but tho t,btl~ factor involved. prohibited 
i ta U89J the ~ WUbL'lgton ge!Wll1D blooms 1n & JnUch abort.er 
period. of time than the ~ ~1um. The: plant reapoJ:Jded 
real.11' well to: the tJ!teo.U\1ent 1n th• exper:tmont and tho naUlta 
In aett:"ng up the ca:r"llation elQ.lerimclt to d et.ermine growth 
reaponaea to the different 80ils, new ao11 of •oh tJ'pe waa 
take, and mi:lted with manure 1n the :ratio of 4 parta ot soil. 
to l part o:t well•rotted. oow manure. TI1u manure-tree. tad aoil 
was thm sterilized •1th •team tor l hour at a temperature ot 
ioo0 c. '!h1a treatment 1• in ~ont w1:th the t1nd1nga or-
OUDeach (10}, working •1th virgin pair!• aoila and the oanJ&-
tion ftl"'• Patrician,, who baa abom that the incorporation ot 
well-rotted manure beJ'ore paateur1u.ti011 reaulted. 1n an in-
orea.s• 1n ;rield p•:r plant over that obtained in '¥1Jtg.tn 9011 
pasteurized and virgin aoil unpaateu.rized. 'lhe d1l'terent 
soil.a were then placed in t-.~e various pl.ota and each .rerillized 
'#1th 16% 8Upe:rplwspbate at; the N.te ot' 5 lbs. per 100 tlq• .ft. 
Soil.s uaed in tlJ.G old aoil ut~ were llan4l.ed 1n aac.tl.7 
the same manne::;• u d&serlbGd above, with tlle excei)t1on t..~t 
no auper_vooapba.te 11'8.lS added. Sn&pd.Mgona were planted on 
tb&so •oil.a wld aa aoon aa the orcp was l~sted, the old roota 
were rem.oved, the ao11s at1rredt a..~ atooka pla...~tod. When all 
the atooke were re:noved from the b&r1ch. the old roota were ~ 
moved and the aoils loosened. 'throughout the a~er month$ 
the a<:iila ~med dl'7 am with tlle a,ppl'OACh of tall, these 
soil.a ware mo1:stened, manurad.1 ate:.r1.l1zed aIJd retumed to the1i-
1dsn.t1oal poa1t1ona. At. preaent, t.h9 aevontb oonaecut1Yo orop 
ia growing on 'theae aolla. 
The ao11a u.aed tor tl18 Lad7 Waahington geNniUIUI ftl'e Q8W 
ao11• mixed with ·;.ta.nu.re 1n the ratio o.f $ .P&r'ta eo1l tliO l ~ 
manurta. Tbftae ~trea:ted .aoll• were not ateril1ud but 
to them -.. added a oompl.ete tert111aer ( ....,12-4) at the rate 
o.f a 4• pot or .fertilizer to every 2 1/2 OU. ot aoll. 
In neJ!Y other respect th• method o.f ba.'"ldl.ing the soil• 
na Just as near a.a poaaible to the ~orcial pn.ctioe. In 
watering, t!:ie soil.a nre al.loved. to d17 out and then thq wve 
ntered. down tborougbq • a nutthod adYOG& ted b)- Poat ( l&) f07 
pl"Oduoing ~ plant O'OW'th• same otllt1vati<>n waa praotiaed 
with the benoh tm:lpa to prevent th• eoll 1'rom oraok1ngJ llhtn 
the plants beoae eata.bllahed iibia pmctiae ne dJ.•continued 
ao aa to prevent inJUl'J' to the ioota. 
In ca.rl'J"iug out a aoil type a~ with the oe.rnation• 
it ia ratlier dit'.t'icult to :~ th1a crop so tha:t •toX"eign" 
soil does not cGme ln oontaot with the root.. ~erc1alq, 
ea.rnat1or.. cut·t.in.ga are taken in Bovembe or necamber, rooted 
bJ' Janu.a.17,, pot'ted in ~ l/4 or 2 J/2• pota., and then into 3• 
pota. A.a soon u the d.6M"lg&r 1'"Fom troat baa passed, the plan.ta 
a.re eet out 1n the field and. :rei."l&in there until the m14dle or 
lut of A.ugut. Anather method 0£ handlil:ig oamat1ona la to 
grow tWa planta in tbe gresnb.ouaoa tlutougbout the e\lllmor, but 
1n Iowa tbi• 1• not a ver,r aatief'actoey ll:<ethod because ct the 
high teaperat:DrN onoountered 1n the ~-· '?he e&ma• 
tioo 1• • eool t.Gpe1M:ture crop and w1ll not thrive 1n ttm-
pera turea ~ l.10 • 120°F. tba.t an ao oc::mmcm 1n the ~ 
bouaea in Iowa duri.ng the wmmer. 
It 1a al.moat. imperative, then, tllat the. pl.ante must be 
aet 1n tho field but .trcm the e.xper1m.ental point ot view th1.e 
ia not practioal• for 1t 1A 1m.:)08aible to .find a tisld in Whl.oh 
all au o.t' the d1f'f.erant #Oil. t;;pea ue P"••nt. Growing the 
young pl.ante in f1aU in the d.itterent. aoil t7,9N ha.a been 
tried, but under theao c<m.ditio-;l&J the pl.a-"lta do llOt tl.ov18h 
u t.llGJ' do in tlltJ tield. V•eer banda or ,POta filled with tne 
ffltpectivo aoU t:rpoa mq be used but roo't developnent la 
greatlJ hindered, and the pl.All'ts do not iJOsaua the well de-
veloped l'OOt qater.:ta of those or .field s;rown plant.. 
It is a. oom..-non O<'Jmt'lerci&l pra.ctioe., nevertbeleae. for 
growen in Iowa to ,PUNhaue :field grown pla.nta from out ot the 
etate. -.t1heae pl.anta are shipped in and are planted 1n the 
variou Iowa eoil typea and all.owed to f'lower. Thia method 
or handling R8 uaed 1n thia experiment. 
fh:ree hundred .field grown carnation ,plants. var. Polqana. 
were purohaaed .tram saur-steinkamp & Co.. Indianapolia• Ind. 
~ ,pl.ante arrived Aug. 99• 1941• and about a:so or the moat 
uni.fol*Jfl :;Wmta were aoleoted tor the exper1mei1t. Tl:i.•e pl.ant. 
we.re then placed in random.1.aed pl.ota (Diag. I). 1n the di.t.ferent 
a.oil.a that we:re replicated three tbaea. In each ;vlot then 
were l5 plants a911ced abou' 9" x g•. Tne t&:tpera. ture of the 
houae waa :ma.1ntair*1 at the uoual 50°.F. night tc;1perat:tu.. and 
the pl.ante b&nd1ed en1'1Nl1 according to ~iercial practicea. 
filleIMrrer t:h• plots ahow«l n•ed toP water, the aoile ••re tho-
rougbl.J' eoaked• al though :aea.ch (2) • 110*1.ng w1 th the va.rietiu 
1fT Love and Virginia, bas ahown that tho qua.11"7' or ;r1eld -.. 
not at.reot.ed whCl fl'equent11 ord.1..."'lU'J • or eubno1'l38.l watorl ng 
waa paotiaed.. 
P1noh111g was cont1m1ed attor bencb.1.ng until tho latter 
part ot S.ptamber. All during th.is time and up until a&rl.1' 
t11n ter • the plan ta ma.de VerJ 11 t.tle growth. 1J'Qneaoh ( 10) • 
a~ing the 'b&baviour of ma.nu.red and ~ virgin prairie 
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7 
3 
JI 
x 
)( 
A 
)( 
)(. 
b 
• I-' 
<O 
I 
soil•• ooncl.uied th.at it ne not a good paot1ae to ad.cl manure 
to a v1rg1n pre.irie ao11 Juat bef'o:re pla11tir.g car?l8.t1one. 
Where it was uaed, tlu~ planta growing in the :r.18Ilured ao11 N• 
ta.bl.iahed tbem.aolT•• elo1"l.7 and ahowGd a high rate of mort&l.1t.J'. 
R011eTer, once the pla1:1ta became est&bl!ahed• tl1oae growing 1n 
the roamu'*Gd ao11 outyielded thoae gl'Ov1ng on the virgin pft.irie 
ao1l that was not r.:anu:Nld.. S1noo all the ac11s uaed 1n the ex• 
per!ment ••re manured and aterlliaed be.tore p]Aoing 1n the 
beneb• this ma.7 account tor tbe reaeon ~t the plant. were alow 
1n beoc:a1ng •tabllaW and 1l'1lJ' the t1rat .tlowera wre not out 
1lntil the early part of ~ber. 
All durir'g th1a period., When little gowtb. -.a being llJfi.de, 
the planta ffr& aeverelJ' in.teated w1th Carnation RUat.. ~-....i 
d.Usting.s with D.B. :DI.wt and m1.rl1Jtaa QT1n.gin.g ot toliage re-
duood the mat ·~• whloh bfMIDle al.moat negligible whta 
the plan.a ellow.od ncma:L ~tm.. 
Soll n.1 tft t& tea ta tlGde ll&rcb. 7 • 1969:• and kJ 7,, 1941 • 
by ti» pbenoldiaul,phonic acid n1ethod 1nd1ca.ted the need tor 
suppleieo.t&17 tert1l1:.at1on. :Bach plot waa traated. with 2 gal• 
lona ot aul.ta.te ot umonium aolut1on (1 lb. to 30 pl.a. or 
w.tor). 
Alt eoon aa the flowers bad reached the proper comaere1&1 
atage ct 4evelopae:nl,. the •tfl'l'l8 were cut. betwoen the raat; and 
aeoond tiera ot the w1n-e1ir1ng aupporta just above a hoaltb;r, 
Yigorroua "bl"fl8k". Individtal plant noo.rda ..-. kep' on tb.e 
diam9ter or ea.oh nower. Whenever 3/4 or the cal,.x ae apll•, 
the nower ._. considered ab'i:1onnal and a record kept; on the 
m:mber of' such split.a on ea.eh aoU type. 
For two you-a, a1gn1.f':lcant dUf'antnces between the dif-
ferent aolla have been not«! 1n the pot plant experJaent with 
ctnerari&a (29• ZJ.). Before potting the c1neraria plant. 1D 
th.a respective soil tJpea., the 7oung aeedl1ngs were sm• 1n 
one aoil tif,pe tor the br1ot' per!nd necessary t.o eatabl1ah th• 
in 2 l/r pota. To doterm.L"'le whetbe~ or not this treatllent 
lntlueneed the ma.tu.re plant,, 1t was deoided that 1n th19 upe:ri-
ment. tho plants would be curled through the entire longt.h ot 
the experiment 1n their respective eo1l t1P0•• 
Four hundred rooted cuttln3s of P,e~ragnian domeatioUat 
A:i•le• 
't'&l"iet:J ifPIPSl51•• were purobaaed trom .s. L. Pratt Co., 
?rinceton .. 1ll.1no1a. When the cuttinga a.rr1\'ed October 31• 
1941, it -.a tound. that the,y nre not autr1c1«itl7 un1f'o:nn to 
aelaot lOI apeo11MU tor the e.xporment. ao all had to be &l'01m 
on and a rand.clri aeleotion aad• at a later date. !'h.e outtinp 
nre graded into tbJtee gl'OUP•I large, medi•• and mallJ each 
group waa then aub-41v1ded into seven uni.tom lots. ODo lo' 
_. taken bom each ot the t.."lree gl'OUpe and al.l or t.heae out-
tinga ffI'O potted 1n 2 l/4" pots uaing one or the sevc aoil• 
1n tbe ratio ot l ,PIU"t. soil to l part sand. !\11• operat.tcn 
was repoat.ed aeven th:les. each th,1e using a clif'f'erent aoll. 
iilllm. all the out.tings '"'"p<Jtted.1 1t aa found that the aame 
number ot large, mectiua• and anall cutting• were 1n each ot 
the aeven d.if:fermt sou.a. 
!he plant.a wn pown. in a 50°F. houae and on Deoeaber is. 
1941• th97 were shifted to ~· pots using the var:toua aoila 
plus manure 1n a ratio o~ 3 parta soil \o l part manure. A 
complete !artil1.:u1r was applied to the dit.t'erent aolla at the 
re.te ot a 4• pot ot 4-12-4 tertillser to Rfll!'f 2 1/2 buahela 
ot aou. on Jan1JAt"I 24:. 1942• the;r were ah1tte4 into 5• pot.a 
ualne tb.e Mme ratio of the various aoUa to mam.are and the 
same quan.t1tJ' ot fertilizer. 
A1J thia po1n'• it beoam-e n•oe••U7 to a.iect the plant.a 
to be used 1n the o.tt.per!ment. Th• pc:>U containing •ch aoll 
type were nu:ti:>ored to OOJ.'T'eapand to an equiTILlent lot of 
numbered bea.ne. W'henever a bean was dn.wn. the mnber on it 
determined the plant aeleotoo tor the e;;;perimMt. Fifteen 
plnnts w•re c.lioseu. for oaeh aoil, 105 tor tho entire u1>er1-
men t. Tbs ~Pline'! error of data tl"'Om pnv1oua exP9l"!menta 
baa a110wn thia number to bo approx!matel.:7 co:n-eot (26). 1'lie 
t1.tteen plants 1n ea.oh aoil were age.in numb(~ret!. u woll u a 
eorreapond1n,g number of beanaJ the tirst t1ve drawings deter-
mine the plants 1n that soil type 1n roplica.t1on lJ the 
aeccnd five. t..'1.oae in replication. 2. &nd the la.at tive 1n 
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repl.1cat1o.n a. Thia operation was repeated tor each ot the 
seven aoila. 
Du.ring the paat taro years 1t baa been th.e custom to uii-
range the ben:Ch like that 1n Diflgram n. boretic&lll'• t1101Je 
plant& along the edgea ot ~ bench drJ' out much more r&Pid.17 
\hen thoae in the center. It this 1.a Vu.e, the pl.ante 1n tb.9 
center of t...11.e bench have a d1atinet aduntage over those growing 
a.long 'the qea. To overcome thia advan.tage,, butt'el' pl.an.ta 
were placed at each end 0£ the bonell, a.nd a aln,r:;le row along 
each edge (D!ag. IIJ lt,,,ig. I)• The- plan.ta tbat wero 1n the 
e.xpe:r1mwt now oecupiaxt no revs 1n tho cen.ter or the bench 
where t!le7 were com.pleteq aurroml.ded b7 otller plant.. 
Poa:i t1on.al erf'octa gre&. tl.7 1nf'luence the rate ot growth 
and yields. W•in.al.11 and Denker (34)• •t':udJl.ng the yields ot 
1rdiv1dual rose ...>lanta, .found that :tielda were greatl.7 artected 
b7 the poeition a pl.ant ocoup1ed in a benoh. With 'beneh oropa, 
this f'&etor ca.tmot be elb:linatedJ however, with pot plant. the 
error m11.1 be reduced. After the pla.uts wore placed 1n the 
beneh in tb.e order 4•tel'mined bJ' ftU'ld.an. ae1ect10Jl• ffGJ.7 aeoond 
sa.turdq. thereafter• libl.'ougbout tlw duration ot the UJ,)erimen.'• 
the plants 1n each. replication wero ehitted to another poa1t1on 
within. that repl.icat1on. Tho pota. aft.Jr ~. were replaced 
in th& bench in tho order detal"mined bJ' chance selection of 
numbered beans. 
on Mareh 7• 1942• and again April 13. 1942# it vu obv1oua 
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that the plar:.ts neod.ed additional fortil1.&at1on. Ea.ch pot 1D. 
tbs experhlcnt reo11ived 100 mi. ot eul..fate or ammonium •olu-
tion (l lb. to IQ gs.la. or water) on both ot these clatea. 
'rb.rougbout the experiment, t:b.e pl.ante we.:re oto..n!ae treated 
in a eozim;erclal. matn1e.r. Rach plant wa.a pinched on !:Iov. 21, 
19411 a. t 11.b.ioh time the terminal growth •• l"Emtovoo. ill ~ 
plants wore watered when needed. and tho control ot White Fl7 
was bl'Cught a'bot:.t by dipping -.ah pla.11 t 1n Hi tox solution 
l-400• whenever theft va.s evidence or the preaenee o:t th!a 
1nasot. 
Late 1n Apl"'il. the buds began to anow oolor. From then 
on., each Satu:rrlay, evor.r plant 1n tho bench •• 1nspeotod11 and 
wben.rrer taro .tlo•er cluate:ra were 1n f'ull blo• (each olueter 
containing e.t least • nor.ta) the plants"" Judged b7 
Pro.feasor Vols• Hr. Joffft7 ,. and the &uthor on the fol.lowillg 
baaiet 
Cultural. perfection • ZO percent 
Floritero'tumes• 
8.1Ze 
:rronu 
.. 
--
.... 
20 " 
20 .. 
15 " 
15 " -
100 peruent 
fhe average ~ the aco:res or these three Judgea served u a 
measure ot the qual.1t7 ot the plants. 
u aoon a.a the planta were fudged, the atem.a were aeirered 
at tbe aoil lin•• ar¥1 the topa were plaoed on paper 1n tbe 
greenhouse to d:rf• Aa soon u the tope -..re tho~ air 
dried• t.'t1G7 were placed in a constant teperature oven at moc .. , 
and there all.owed to remaJ.n one hek. At the end of that 
period• the7 were taken from the oven and 1mtHJdiatel7 weighed. 
Individual plant reoorda n1·e kept on the &Yerage score and 
41"7 weight in gram.a• 
F1Ye ~ ...U.1ngs ot ana.pclragon varietJ' ?eg~ Sohnmann, 
purohaaed. from Carl W. Kreb co.• Cedar Hapida, Iowa• arr! ved 
1n /inee on A.ups~ 9., 1941. Two dlqe later these aeedlinga wee 
potted 1n 2 l/t• pota uaing .. aoll mixture of a pane OOJ:lpOat 
to l pal"t aand. '!'be oaapoet m.1.x.tu:re waa uaed. tor 11' the •·Hd-
11.ngs were planted in their i-espectlve aoU tJpea, aelect1on 
tor un1torra11s;J 3Ut before benohing would not ba poaaibla. on 
August 29• 1941• 396 un1fom plants ••re ab.oaen and. planted 1n 
random.1zed. pl.eta ot the tbrioe :replicated so!la (D1ag. III). 
The" ffl"O l8 plants 1n ·each plot and each plant aa apaeed 
at a d.1atan~ or app1'0Ximatel.J' s• x 9". 
The following mont;h• septem'ber 12~ 19'1.., neey plant 1n 
the experiment vaa p1nobed just above the tourth 3c:d.nt. Poat 
(14)., working with the varlet}' Cheviot kid Supr-.- round 'Wlat 
when the planu were pinched at the M,. 41ih or 6th .joint a.bout 
September lO,, tb.97 gave the max!mm prodUct1on during tlle 
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1. Clarion 5. O'Neill 
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winter moutha. Thla uetll.Od of p1noh1r~g gave the ~at.et 
stem len.gth and a little better qual.ity ot bloca. Th• title 
or pinching r;;a.y .have been a litt1e too soon, tor the Nol"th 
cuo11r.4 sta,ion (20) concluded from th.eir experiments on 
ana.pdl'agon pruning that t.ho beat time to pinah \'R'UI 30 da7• 
after aetting in the benOh Cld on• p1noh waa better than two. 
SbortJ.:7 Arter the plants wen pinohed# th4ilt late1'8J. 
shoot& started to d.evel.op at tho Jcint•• Six ot the moat 
vigoroua ones on each plant were le!"~. and all the otbera n-
' 
moved. On tho atem.a tbat were cho•en• little slde-ahoot 
.;.Jl"Un1il8 was praetiaed but; 111-lever anJ ell.tlou beoeme too 
vigorous. tbaJ' Hl"G rsoved. 
The house 1..~ llb.1oh tbeae plan.ta wwe grown 11&8 mainta!ne4 
at a night tempercature ot as"P. Although anapdragona a.Pa olaa-
e1t1ed as a high tecperature, long daJ pl.ant• tbtQ' are gsn:er-
all.J' gl'Otm at about S()O • 55op. night, t.perature in order '° 
aeC'Ul"G the long, hee."7 flower apikea. It ll4a been stated that 
growth, a1sa of flower ap1ke, length and atrength ot ate d.e-
ercaaea w1 th an 1ncnase 1n tem.pGN.tm., (19). 
A.bout the tint ot Dea•ber• 1ndJ:rl.dual. tloreta began to 
open. '11-D eight of bee noreu nn in 1'ull bloQta,_ tb.e 
atm -.a o.ut at '1l9 1•••1 at wh1oh th9 plant-. pinched 
allortl.7 a.f"8r b ~. Individual pl.ant records were taken 
on the lengt..'1 ot the a~ am the 1ang'1\ ot the 1nfloreaocoe. 
Seeds of the non-branc.b.1ng atook YarlatJ' Lilac Lavender 
were sow J'&ll'WU"1 12, 1942• in f"lata tilled with a sterilized 
aoll rd.xtu.N ( l part oompoat to l part sand). Tl~ese tlata 
were placed 1n the SQOp. bouae. and when the ee«U1np wre 
rea4J' to tnmap.lwlt, lSU ot the mo.st TigoztCN& onu wee potted 
1n 2 l/2• pota uaing a soil miztun ot I part.a oompoat to 1 
part sand. BJ' thia time '118 ~ and their root qataia 
had been entirel.J :removed traom t'tl8 bench. ·!he soil waa then 
tllorougbl.7 stirred ancl 'ma ot the moat vigol'O'WI plant.a ot 
stocks. auppoaed.17 doublu. were .ul:eoted and planted 1n the 
different plot.a ot ao1l (Dia.g. IVJ Fig. II). fh1r\y'•f1ve 
pl.ante ware L"l each plot, and eve17 plant na apaeed about 
6 11 Jt 6". 
Stoeke are a low ~peratu.re,. long d.&7 plant (19) and 
for that reason the tmctperature ot the ho'll.88 waa ma.1nta1ned 
at so°F. n1ght tem.perature. Invost:tgationa have ahovn that 
the :tormat1on ot bw1a in atocka requires temperat:urea below 
eo°F. {151 1'7). 
On 1la1'Ch BG. 1942_, it became apparent that the plan.ta 
were 1n need o:t additional nutr1enta, and ea.ch of' the plota 
received 2 gal.lona ot aul.tato of ammonium solution (l lb. to 
30· gal.a. of wa~r). 
About the first oE A.Pril., :tlower bud8 nn v1a1ble. 
Toward tl'w latter part of the mon~., an extreme nm •pell •• 
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Figure II. Stookbenoh, showing arrangement of 
soils in one replication. 
encountered, and thermographfl looated at eacb end of the bench 
recorded tempera tu:rn aa high a.a 96° • lOOoP. Shortl.J afte 
that, the plants came into bl.om Yeey n.p1dl.J' mid the .t1nt 
cut ting was nade on ,~pril 23,. 1942, and the la$t one on M&7 2, 
ls.te. It £3 boon allow that an 1.ncreaa• 1n temperature attei-
a low temperature period ot 21 days or nicre baetened nower.tng 
{17) • and even the growing point of oolumn atoeka, VllJ.1'. L1lae 
Lavender. CL"l be ohanged bom a vegetative to a nproduc:tive 
condition 1n u abort & period aa 48 houra (8). 
A• aoon u 10 individual. tlorete were 1n tull bloaa, the 
stem was HV&red. at the 8UPf&ce ot the .-oil. !nd1..Uual 
plant :record.a were taken. on the total height ot the plant, 
the atam length,, t..116 lengtb ot the intloreaeenoe, and the 
Il'UrJ.ber of •i-iowen plua buda". 
In the ~h!Mmt 1li.lere a.rnati.on• "" ~ 1n mMr 
aoil., the reauJ.ts obtained a.re abow:n in table• l to '1 1nolu-
sive. 
Table l preeent=a the data or the •••nae number ot tloweN 
per plant,, and the •tatiatiO&l aualyaia indioates that the 
dit'.terenoea between t.he ao1l8 are aign1.ficant1 bo1fft'er. tb.eae 
dU'fo~ eannot be considered or OO:nr.le:rcial im.po~. 
W!*1 the data ot the aYeNge atem 1ength {ta.bl• 3) and 'the 
avenge d1anHtkr ot the tlowe:r (table 5) "" aaalped 1n 
lablea 4 amt 6 respect! vel:;f • it na .found that there 1t'ft'8 n.o 
•1gnif1oant ditteren ... between '"ho aolla. 
Perbapa one ot the moat atl!'iking NllUlts ot the ent1:re 
ezperimat 1a ~ variation betwee the rep11oat1ona. In 
table l th8re aeema to be a l~ 't'&J."'1at1on.. 4';lpareDt both 
hom the data !teel.t aid the anal791a. In Upl.aJning ~ 
va1at1on• it ma;r be aa1d that npl1oat,ion l -.a localed at 
the north eild. ot tho bfmOh. !n oloae pl:"Gdm1tr to a t'l-oeW 
gla.aa pA.l"tit:1on. li'TOated glu• nt'lecta the light muoh more 
rea41l.7 than do•• pla!D gl.us becauae of the p.ruenoe ot a 
large n:um.ber or refractive aurtacea eaeb or1entad 1n a. dit'-
ft.lll• l. carnat1ona -AVGrt.l.&'1'9 Number ot nowera por Pl.ant. 
• : : : • 
Soil Type r :aep. I a B.ep. II I ·~· III I ..... : * : t 
Cc:apoat 12.4 ll.l 10.? U.4 
0•11e111 u.a ll.4 . l.l.l ll.3 
hb&ah i1.a io.& l0.9 l.l.l 
Clinton ll.9 10.l 10.l l0.'1 
Olarian 11.a g.5 9.2 10.l 
Weba.._. l0.8 a.e io.9 lO.l 
bO.X 10.9 9.3 9.7 io.o 
R•pl.1ca.t1on 11Nn u.s 10.l 10.4 
'l&bl• a. Qamat1ona - Aml.17•1• of 
vuianoe o:t lf'\1mber or 
J'lowen per Pl.Clt. 
I : : 
source of : Degfte.t o.t t 81.U ot .. Mean • 
Variation : Preedora : Squarea t Squan 
l ' I 
2otal 20 19.53 
Soila 6 7.03 l.1717• 
Replloationa B S.3.6 4.18 
EXperimen'ba.l El"rel' lS •• 15 .MS& 
fhe 'Mat ot aigrd . .tican:ce ot cl.1.t.!eronoes 1n number 
o:t now.era per plant: 
F = l.1717/.~a = s.~9 
s~ point = a.oo 
l!I' point • 4.88 
* - aignit1eant 
ftble t.. carn.a. tio:n,a ... Average Stal I.Mlgtb 
(Inohoe). 
1 ·:: :: = ; :: ; : 1:1 =· : : : :: ·:I : ii I ::I I I :: : ; fl:: ~=:=: ; ~ = I = : :. II I Ill I ' l r Soil ~pe ' B•P• I t .Rep. II t tte,p. III I -· t : : : 
c•Jfeill 26.it• st.a- 2'6.8" 25.28 
Jtnox 25.4 as.1 a.a 
Compo at 21!.5 25.2 2'6d 
Clarion. M.8 25.o aft.O 
W&ba.ah ~.9 24.6 a&d 
hb•U. rus.e 24 .. 4 24.5 
Clinton u.a 24.2 ez.s 
lepl1oa•1on Bean 24.7 24.7 24.4 
: : : : : : : .. :::: : : : ::::: :: : :. .:: I : : :: : :: n : = :: 
'la.bl• 4. carnat!cu."1• • Al'l&l7•1• ct 
V&Pianw ot sta Length. 
• s &ouroea of l Degree•~ t Slm ot 
Variation : ~ t square• 
J : 
Total 20 9.e& 
SOila 6 3.45 
RepJ.1cat1o.na 2 o.,Q 
~erimental EZTor l2 tl.89 
24.8 
84.7 
24.& 
24.e 
26.2 
u.a 
= : :.·: ' = :: 1= 
• 1 ..... 
• Squ&r$ I 
0.$7S 
o.aoa 
o.4.688 
!able 6. oarn.at10&9 • Average Plower 
na..tu- ( Inohes). 
: : : 
Soil Ty'pe : Rep. I • Rep. II l Rep. III .. 
; : : 
W&buA 2.sa• 2.40'* 2.42• 
ccmpoat 2.43 2.42 2.41 
Clarion 2.a. 2.45 2.z7 
Clinton 2.~ 2.41 2 .. 34 
O'lie1ll a • .a 2.:5? 2.a1 
J:nox 2.39 2~6 2.H 
weater 2.2a 2.as 2.:sa 
Iteplioa.tlon Dean 2.39 2-39 2.38 
'!able e. carnationa • Anal.J'aia ot 
Varlano• of Flower Diameter. 
: • : • 
loW:'CN ot : Degree• of : Slml of t 
'Variation t ~eel.om t Squares t 
' • l • 
fetal 20 4.82 
Soila 6 2.~ 
R.eplioa t1ona 2 0.1<1 
Ex.Peri.mental Error .12 2.~1 
.. • 
t Mean.a 
: 
a.<tSlt 
2.a 
2.J9 
2.as 
a.as 
2.H 
2.M 
Mean 
Squa.re 
c.~95 
0.07 
0.1925 
~ hat or a1gn1tioanoe ot di.t.fereocea in flower 
diametors 
F =it .. ~96/.l.925 = S.05 
&j{ point • a.oo 
1$ point = ••• 
fel"'mt plan•• Plants growing adjaoent to th1• p&rtiUon 
would.• no dml'bt. Hoe1ve add1tional l16ht ren'80Wl4 1'ftlll thia 
aurtaoe. A 11ght ftotor • a ~ft ture tactor. or a ~bina­
tion o~ bo'11. r..,- b o 1.nvol ved and ll'l8J' aocount ror the· inc..._.• 
in the mw-..ber ot .tlowen per plant 1n that ropl1oa tion. 
1theD the data tor the _...8• atem length (table I) and 
tho anal7aia of the data (table 4) U'8 inapeoted, it ie •»-
pa.rant that the variation between Mpl1oat1ona 1• reduoed t;c 
a m1nbmm. Th• Mme 18 Vue m table 6 L"ld fable $ wheft '1le 
data ~o'I' &Ynage !'lower dlmele.r &nd 1ta ana17a1a an Pffeented.. 
I' 'IJ'4A1' be we11 to Mil at~'1on to the bciba.Y10I' ot thee• 
vuiou.t ao1l• ~ut the entire ezperimct. In .ii the 
tabl.ea pNsen\ed.1 &nJ' one ao1l 414 not occ.upJ" th• nme poai• 
tion 1n al.l three te.blea. Tbe Kn.ox ailt loo. tor ea:mpl.e., 
prod:l.loGd tbe ltiAlleat llUIJber of flOlftt~• per plant,. yet these 
fl°""" bad tho longest et.a and nut to the amalleat 41• 
ameten. 
28.ble "l llbo•• tbe nlm!ber or epl.1t oalJ'oee ot f1owra pro-
duced on plants gi-ow1r1g in the va.:rloua aoila. ftballh a1lt7 
claJ" loam oan be Credited with the largeat mimber ot apl1t 
0&17oee., and Webs~!" 1091 with tbe ..Uleat. nunber. ROWM"er.-
theee t~~• do not••• luge enough to be of arq a1p11'1-
oance. Porha.pa the t'.iON 1nt.aeeting tiling about table 7 1• 
tn. a~ low percentage ot epl1' ~· Of the a.SIO 
tlowen eat onl.1' 2a bad apl.1 t oalyoea. m&ktng the poroenta.p 
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Ta.bl• 7. Cit.ma tior..a - B'umber o'f Spl1\ 
Cal70ea. 
~__,..-·~--
: I l t 
Seil T3I:X3 : Rep. I • Rep. II ' Rep. III • Total • • : : : : 
Wabuh 4 a l 7 
Compost l 2 3 e 
Clinton l l. l a 
Clarion 0 l l. 2 
C'Jfeill 0 l l 2 
ltnO% 0 0 l l 
Webster l 0 0 l 
7 8 
• 
or split oarnat.1one about .0%. Thin ia a aurpr1aingl7 low 
tigure when 1 t 1a can;;ntred with the eat!..~ted 1~ ot aplit 
cal7ce5 ror the $11ti.r"o carnation crop of th1• count17 (27). 
Thia ma:t be accounted tor in aeveral '87&U tbe arietJ- Poll;J1ma 
may be a ca.ma t1on that 4oea not apll t readll.7, the eoila mQ' 
be aucm that thq inrluence plant SJ!"O'lth which 1e not induo1ve 
to oaua1~~ the aplit cond1t1on., or ttnal.~• tn. anvil'Ol'Dental 
.taotora in th& ~uae maq have been auch that the oal.7ees 
were not .:torood to apl.it. TJ10 eaet cauae ot aplitting 1• 
atill undetem1ned., but it 1a believeC.l to b• tho :reaul.t ~ 
interaction ot •n•NJ. taetorai e.o.vi.ftmental.. genet1oal.• and 
nutritional • 
When the var101us pla...'"'lta were Judged. the apecimena in41• 
v1dually and oollaot1-.oly appeared to be qu.ite unitonn and ot 
h15}l qua11t;Jr (Pig,. III). Howevw. a earetul atud.J' ot the re-
sult.a showed sc:l!le aurpr1a1ng di.tte::>enoes. 
TablAa 8 and 9• pre.aent!ng the average acoro a.."ld the a.n&l.J'•ia 
of that data 2'93iJGCtivel:r. ahow that tb_.e are h:tgb.17 •1gn.1f1-
can~ ditfez-ences between these ao1le• ot auch magnitude that 
they may b$ of GOm'!!OrGial import.a.nee. The dry' we!gbt t1garea 
i.."1 table 10 also shaw highly a1gn11"1eant d..itferencea between 
the soils. 
It ia rather d1t.f1oult to eJq)le.!n ~ h1&bJ.7 a1gnif'1oant 
-41-
Figu.re III. Pelargoniums, showing typically good and poor 
plants grown in each soil. 
Tab lo a. Ptilargon1uru - .A,cverage secre. 
(.Pe'x:•cent). 
.. ; • . • 
~~oil ~J'99 . Rep. I I R•P• II : Rep. III • 
: .. I • 
~1ebster 90.l 65.3 86.? 
''.leill 82.7 65.'1 82.3 
Clarion aa.o a1.s ae.e 
KD.oJt ao.o a:s.5 79.6 
Compost 00.1 77.6 oo.~ 
Wabash 77.6 79.l ao.9 
Clinton ao.o 74'.5 ?tl.l 
Replication Mean a1.9% SJ..l;C 81.4~ 
Table 9. Pelargoniunut .. Anal.7•1• of 
Variance ot A•erage sool"t!MI. 
I : I 
Source ot • Deg:raea or I sum ot ' • variation • Freed ca • squa.roa a 2 l 
Total 20 ~9.al 
Soila 6 l82.2a 
R•plioa tiona 2 a.'13 
Dperitaen tal. Enor l2 6'.85 
t 
' Meana : 
av.o 
83.6 
02.4 
81.0 
79.f> 
79.2 
77.5 
llefiUl 
Square 
ao.~vs** 
1.366 
4.5708 
The tctat of a1gn1ticanoe ot ditf'e:rencea 1D acorN: 
P = ~.Z?S/•.&708 • 6.66 o• point = 3.00 
l.!' poL'lt • 4.82 
~~ - Highly a1gn1t1oant 
-·1-3 ... 
Table 10. lelargoniuma - Average ~ 
Weight (O.t-ama). 
: . • • • 
Soll !n>• t Rep. I • Rep. II I Rep. • 
I • : • 
: 
III • Meana • 
: 
Webater 21.72 gr-. 30.77 gr. 29.44 gr. 29.31 gr. 
Ca-i.poat 27.00 26.Q 26.4? 
o•Ne1ll 25.52 28.00 n.oo 
Knox 24.9$ 24.00 26.02 
Wabash 23.08 24.82 24.06 
Clinton 24.80 2l..42 21.29 
Clarion ao.61 24.,39 22.32 
Replication Mean 24.81. 25.69 24.66 
Table 11. Pela.rgon1uma - Anal7a1a or 
Variance of !.'f1.7 Weigh"· 
: • • 
Sou.roes or Error : Degreea of t Sum ot 
1 Fnedom : Square a 
# • .
Total 20 142.0911 
Soila e 105.91SO 
Replioat.t.ona 2 4.$939 
Experimental Error 12 31.7981 
2ti.63 
25.52 
84.98 
2;5.99 
22.50 
22."'6 
--
I 
i Mean Square 
: 
l 
17.6525** 
2.1970 
2.6-i90 
res1:U.QJ. were obta.1:'.\0d with pot pl.ante ~ riot with bonoh 
c.r-opa. ev~ t..oough the~e dl.trcrenoas .have b$en oonaia~n~ 
t11rou.r)lout ~1'e t.h.ree yea.re ot the 1.>?"0jeet. Flrmnea@ of pot;t!Dg 
i~ be an 1nfluenolng f'&et.or. S...~rvrood (24), oon.duot1ng an 
experiment in which gl*esr.k'lo·ctae ,pl.ante were potbed n~ar and 
loosel7• found that the flnnl:r pott.94 onee produced the beet 
pla.""lta. Al though the author potted the entire group or p.lanta • 
used 1n this experiment. to ins't..ire U..'1.1.f'orm1t7• acme aoils tlfq 
have packed t:ore .rea.dil;r than others. ~ia ~·~ account f'or 
growth varla tion. 
Attentlon should be called to t..1le tact that 1n both 4rJ' 
nlgb.t and S.Veft&e aeore W·ebater loam-.. auper1or to all 0th.er 
aoila. Still more atr1king 1• the taot that 1n onlJ' one othe:' 
instance did a aoil :rank the a&l'llct poa1tion 1n beth ta.bloat 
n••l7• Knox silt loam in tou:rth place. Thia aeECa to indicate 
tbe pla..,ts ft:;"'G ao uni.tom u to mako d.Ut1aot1ona between the 
difi'ioult• or pela.rgo.n1\W8 are dit':f1oult to Judge •ccuratel:"• 
In p?"OV1ous J'GflrB • wt.ere the ~1noru-1a •• uaed aa a pot pl.ant_ 
tbei-e tnla atr1king correlation bHtw&eil 417 welgbt and aoo:re-. 
Since cin~re.riaa have few• and larger leavea than pe;largoniUtlll• 
1 t ·ma:r be t.~ t tl'W latter a.re !!W!'Elt dif.ficult to a.core to.'lf that 
ruaacn and that avenge aoore la a poor mea.al.U'9 ot qualltJ' tor 
tbeaa plant.a. Thia tact a.eema t.':> 1)i} auphaa1&od turtber 1a 
table 9 bJ" the J..arge experimental error. 
In oonaidering ~• naulu 1r1 tb a~ona • it •h.oulcl 
be noted that 'thi• OJ'OP• ml.SM the •:rr•tion• 02' ~--. 
wu grown 1n aolla wh1oh w p2'0Clued tour auooeaaive ~ · 
ot eut fl~. 
!bra a.nal.1'•18 ot ••~ 1n atem leigtb (table la) 8hothJ 
that there are no aign1.t1oant ditterenoee be~ the ao11•• 
A aeoooo factor of 1ntet"eat 1• the high va.r1at.1on bet;ween NP-
licationa evident 1n tll.blo l2 and the anal7eis of the data 
(table 13). Thi• ..,- be apla1fted b,- tho tact. that both ad.a 
of t.hia be.rlab• wh1eh u:tende 1'rom nori;h to eoutb, &N ~bl7 
aligb.tl:J amer than the m1d-seet1on• due to atra rad:la.Uon 
in thea• ~· ot the greenbouae. Thia ~· •1th t.he t-epcl"l 
ot POat and Wedd.le (19) who atucliec.t ~ ettec\e ot t.pora\ure 
end. pbotopez"iod on the growth of m•oellaneoua annuals and 
tound that u tb.e temperature .ta 1nweaeet:l ~length of·~ 
of aaa.pctragona ia deo.N&aed.. 
--..u:riementa tor the ....... length ot t;.,1141 1n.tlonaoen• 
&re pJ."HOn.t«i in ta?Jle lf followed bJ' tho an&l7aia or the da.t.a 
1n table 15. It 111 e.p~t that there U'e no aign.1.t1oant 
ditt~ betlfee tho sou.a. I" aboul4 be noted. ~J.'\1 
that. the va:ri&t.1.on betwem nplicati.ona• ao not1oeable m 
table i.a,, ta now negligible. 
one or the moat avlk:Lig tb1 :.gs in the entire aperment 
1• ahown 1G tabl• 16 Wben lt!e ~..,.total lenglb or the tlosa1ng 
I : 
Soll Tn>e· : Rep. I : 
: l 
Knox 26.07 
Wabash 23.15 
wobat.er 2a.8' 
Olar ion 24.SS 
Clirlton 84.00 
G1Me1l.l 83.68 
Campoat 2-1.00 
Replication Jlean 2.&.18 
I ' 1n1atan~ trcm point th• 
the 1ntlon•CM11miO•· 
Source• 0£ 
varl..itlon 
fatal 
Soil.II 
Re,pllc&tione 
~rimontal Il'r"~ 
• • 
l 
• .. • 
~ 
Pl'ee4om 
20 
6 
2 
l2 
. l • 
ltep. II : Sep. III : l!tNUUt 
I • .. 
24.23 24.46 24.92 
26.28 u ... esi 24.91 
u.oa ~.54 24.4? 
a.SJ. 22.01 24.28 
84.52 24.ea 24.28 
n.10 ea.ae 24.20 
15..39 23.99 23.79 
26.02 ••·<» 
ate. waa ......... up to 
: I 
ot I Slm o'E t H:ean Squa.r• 
t Squarea • • .. I .. 
19.l.37.l 
a.6961 o.taaa 
4.0470 ~.0234) 
12.lilSO J...0162 
. Table l-1. SD&pdra.gona • Average Length ot the 
Intloreaoence ( Inehes). 
C:. '"' *' ; - ,., f '- - I I 0 d" h t I Hi IP I I ' . • I I I • 
Soil 'f1pe t Rep. I • Rep. II t Rep. III : • I ' ' • 
lfabaah 4.58 4.15 6.39 
Knox •• 76 •• 26 4.&4 
C'Jte.ill ••. 52 4.S9 4.06 
Cl.lnton .... 4.13 •• 36 4~1 
compoat ..ae 4.30 •• oo 
Webeter 1.87 4.49 4.18 
Cl.uion 4.16 t.oo •• 21 
4.21 
Ni.I ' ' I :m 
Meanat 
•• ~l 
4.'6 
4-32 
4.27 
4.22 
4.18 
4-.12 
II I : 1_ ' 1 1 1 r r • ' 1 'I m 1 s au ' •= · I 11 II I 8115 1 ' 1 ii' I 1 'I ' [ -3 Y * I lhl 
ftbl• 15. Sn&.p4ragona - ~ia of Vu1ance 
ot the fAngth er the Intl.oreacenc. • 
Scuroe or 
Var.iat1on 
Total 
Soila 
ac~)lica t1ona 
i~.:Xp'®r:l::ental Error 
I 
: Depeea ot 
: Freed.Oii 
; 
. I
; 
t 
I 
SlU of 
square. 
.94.77 
.3581 
.o?ll 
.5194 
: 
111 - 1 -rn m ; g a : • t - - ; n 1 .: -f 1 if ' ' 11 N 1 ' 1 • -1 11 :: , - ' ,. • 1 ' : 11 Bl 1 1H : ' a r a 11 
'?he ~t 01~ 31gn.it'1canoe or diff'8l'Oll09.S 1n the l.ength 
or the 1ntloresec:i.ceJ 
p = .()594/.o~ a l.&7 
r.~ point = ~.oo 
l~ po1n.t = 4.82 
Soil 
Wabaab 
Knox 
Webster 
Clinton 
o•Jreill 
Clarion 
COmpoat 
Table l&. Sna.pd.nscna - Mean Total 
Leng\h or tne· nowertn.g 
Sp1kea (Inch.es) • 
• • : .. Type : Mean Stem : :lean Length.a Jifean Total. .. Leng1Tb • of ti:MI ID- I Length Of .. l i tlonacenoe1 J'l.ower1ng 
I : .. SRik~a • 
24,.91 4.&l 29.42 
24.92 •• 45 29.,a7 
24.4'7 4.l.8 aa.&S 
24.28 4.27 20.55 
2•.ao 4.a2 aa.52 
24.26 4.J.2 28.4.0 
23.'19 4.22 28.01 
tM 
iii. 
ar>lkes is presented. Ste?ultra: (26) • reporting the tirat 
y•r' s work on t:'..'lia pro jeet showed th& t snapdra.eono growing 1n 
oompoat produced the poorest f°lower1ng ap1kea. The data t.bie 
:year oont'!rm thoae of prev1oua yean. The rel.at1velJ 'lllNlk&r 
ap1kea in the c«a.poat plots m1q be explained bJ' the f'act that 
'there -.. a high oane.-it.T'ation ot n.itfttoa present 1n th1a 
soil which 't'".:ll"f have deo.reaaed the :rate ot growth. The B• Jeraq 
Station (12) ma •ll.oWA ~t when~ were grown 1n 
S-Olut1ona Of lo1f ( •• &ttlloapherea) cl4 b1p (3.1 atmospherea) 
oaot1c conoentration, the hotter growth was 1'J&de 1n the aolu-
tiona or in osmotic conoentrauon. Po•t and Bell (18), •tud.7• 
1ng the e.trecte ot exceae tortlllsen on tbe powth ot ~ 
dra.gona" totmd tba.t an ..... ~;& ot nitrate of eoda cana,ed larger 
leaves with necrotic_,...... within the bl.adee. one ot tho et• 
tecta ot •te8mirl8 aoil 1a the inoftlUling GI ·tho ooo.oent.at:1on 
ot '1:18 aoll aolut1oa probablJ' bJ ma'ld ng t;lOJ.119 plant tbod. a-11• 
able (SS). one or thee• plant foods made aw.llable 1• the 
•tal wa.te sol.ubl.e n1trogea (3)- and it la probab1e that ttie 
~t waa 100.re de.tint tel.7 at.reeted. bJ' atea:m: ateztilization 
Ulan the other aoll VPN• 
Tabl.e 16 .turther 1ndicataa that irariationa between the 
:nea:a. ~tal 1•ngt\b. ct tbe flowering ap:lku or plank raised on 
the varioua aoil• are alight with a diC:t•re.lce ot onl.7 l.41 
1nc.boa betwem the best and the poonst.. 1hi• unif'ond.tJ' ia 
~ anj)haaued. in Fig. IV w~e viewa are. aholm ot the 
-so-
View of entire bench. 
O"NEILL kNOX WA••IM, .... 
Flowering spikes cut from plants 
grown in the various soils. 
Figure IV. Snapdragons, showing uniformity of 
flowering spikes. 
entire benoh and 1nd1v1d'ual. nower1n,g apiku cut bx.a plant. 
~1ng in the vario•la sou~. 
P.l'ml tablu 17 and 18 it 1e evident that there ..... alight 
aifpl1f'1eant d1tferen.eea 1n aveftlge height ot atoca powi.ng 
1n tile "ftll'ioua eoll• (Fig. V). 
When 1-hia -~ be!ght -· bl'Okc 4oWn into 1'8 ccm-
ponent parts. a tfl):t length aoo l•Pb ot 1.ntlol"HCenoe. the 
cause tor the a 1gn1t1cant d.1tt•1'0ne• 1n heigb.t be081118 obvioua. 
a."'ld th• ~-1• of th• data 1n ta!>Jlo ao ahova that t~ are 
no aign1f'1ocnt ditt'erenoea 1n at.am length. However, an anal1'aia 
ot the data on length of 1lltloreaee1oe (table 22) reveal.a 
highly a1gn1t1cant d.1tferences betvec the vnricr~i• ao1la11 eo 
much ao that even the i,: point is paased. It me.;r be ooncl'Uded 
~ this tmt th• aie;ni.tioant d.11".t"•t-$1108 in average height 1• 
not due to ate length but to the lGDgth of tl'.le innoreeo4tnoe. 
Another e~lking thing '° ncto 1a the ~ss1oa f1'Gll 
repl1eat1on l to replication $ 1n all the table• 1n the experi-
ment. In tablea 17 and 18 conaidGMbl.o variation 1n awn.ge 
height of the plant w1ll be noted betwe-. repl.1oat1ona. onoe 
at111n '111s point is brcr;~ght out in table 1\1; th• rep-easion 1a 
still apparont and the anal.1ala of th• 48.ta 1n tabl.e 20 also 
indicate• the regrea,,,ion u well aa oons1derab1e variation be-
~ replications. When the data ahowilitI tho length or the 
length ot the intloresoence are 1napeeted {tabl.e 21) thla 
j/ 
Soil '?ype 
~iabuh 
11feil.l 
Knox 
Webater 
Compost 
Clarion 
Olin ton 
'fabl.e l?. stocu - A:verage ae1gb.1; 
ot Plant (Inohea). 
' : : : Rep. I : Rep. II t Rep. III .. t t • 
28.5 28.0 28.7 
28.3 28.G 28.3 
aa.s 28.8 27.0 
27.S 27.4 27.4 
aa.e 27.0 25.8 
2'1.6 27 .. 0 25.9 
27.6 27.l 25.8 
R•pl1utlon Mean 28.l 27.7 21.0 
Source ot 
Variation 
Total 
Soil.Ii 
Repl1cationa 
Ta.bl• 18. Stocke ""' An&l7aia of 
Va:Z'"ianee of !£eight 
ot Planta. 
' * ; Degre ea ot I Sum ot 
' Fre04C'.lll'G i Squaru • t .. 
20 18.90 
6 s.76 
2 4.66 
r;xperimental Error 18 5.58 
' I Mean.a 
I 
as.• 
26.4 
sa.1 
27.4 
S?.2 
26.8 
25.8 
t 
• • 
I Mean square 
" .. 
l.'60* 
2.2ao 
.465 
The teat of a1gnl.t1cano.e ot 41.ff'erenoea in the height ot 
plan ta& 
F • l.teo/.465 • 3.14 
5~ point • a.oo 
l~ point • 4.ea 
• = •1p1!'1cant 
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View of entire bench. 
Spikes grown on plants 
in the various soils. 
Figure v. Stocks, showing differences in 
height of plants. 
/ 
Soil 
c•Me1ll 
wabaah 
Webster 
Knox 
COr:'lp-OSt 
Clinton 
Clarion 
Table 19. stocks - Av&rage stem Length* 
( 1.ncllOG ) • 
• • • . • • 
'?1Pe : Rep. I t Rep. II • Rep. III • : : • 
20.6 21.2 21.2 
20.7 20.e 21.1 
20.6 20.2 20.~ 
20.6 20.9 19.4 
21.5 l!J.7 16.6 
20.a 20.3 19.l 
20.3 19.7 18.9 
Roplic:i.tion Yean 20.7 20.2 l~h8 
l 
t lf eana 
: 
21.0 
20.8 
20.3 
20.3 
19.9 
19.9 
19.6 
* Distance tran the top of ac.11 to u.il o.f etem 0£ tho 
lOWMt noret. 
Table 20. stccka - A.n&lyai• or variance 
of Stem Length. 
: : : 
source ot : Degreea ot • Sum o-r • • • 
Variation • Preedom : squares : Bean Square • 
• ' i .. 
Tot&l ao 12.M 
Soila 6 4 • .S • '13"1 
Repl.icationa a 2.69 l.2''18 
Experimental srror l2 &.33 ·""' 
The teat of aigni;t'ieanee ot d1.t.ferenoea in stem longtht 
F = .?S?/.444 = :4.eE 
5% point = 3.00 
i,: poL"'lt = 4.02 
: 
Soil ~pe • ..
i 
KDOX 
Wa.bub 
;J'lfe1ll 
Cwi:poat 
Clarion 
webater 
Cll.uton 
Replloat1cn Mean 
table 12. 
Source ot 
vari&t1on 
. Total 
S011a 
Replicationa 
lli&per bnenta.l EJTor 
M • Ii ·ii I ' 1 f I I I I II ' I 
' l 
• .
t 
S tocka • J\Vorage Length ot 
thee Innoreaoence (Inehe•)· 
: : 
Rep. I : Bop. II : Rap. III 
: l 
7.9 7.9 ?.6 
7 .S 7.4 7.7 
1 .. a 7.4 1.0 
7.4 7.3 7.2 
7.:1 7.3 7.0 
7.0 7.3 7.l 
7.~ e .. a 6.7 
7.5 ? .. 3 7.2 
Stoclla • .tna'.17e1s ot Yar1an.oe 
: .. ii.ea?lS .. 
: 
7.a 
7.6 
7.4 
7.3 
7.2 
?.l. 
G.9 
ot the Length ot the Int1oreacence. 
I I 
Degreea ot I Sum ot I 
~Qll 1 Squ&ru ' J : 
20 a.4096 
6 l.6l.96 
e .ns3 
12 .4?#i'1 
r '"' 
I' I l nl '4112 
I ' 
q:;:::-: 1 !lf I II' SMI Flt 56 
teat ot a1gnit1canoe ot dittoroncaa in the length o:r 
in.tloreaceru•: 
p = .2699/.0396 - tl.82 
5~ point • 3.00 
i;g point • •.aa 
*-» • HighlJ' aign.1tieant 
'I I 
ro~sion 1• still apparent but not or tho ~1,:.\ltle noted 
1n the pNcod·i.Qg tabloe. 
since stooka are .so Hn81tive to air '*8~ture d1t• 
terenoes, u poJ.n•ed out by POat {l'1lt ~and Do.rt.ila'10k 
(s). and otbeftl• :tt rI:!Jlll..7 be that thla £actor i• nepone1ble for 
the ngressim. between ~ replloot1ons. The heating Q1Jtea. 
1n the house in whieh these etocka MN s:ro• ta ooatroll.ed 
b7 ~atata. Wbtlnffe:r the ~peNtu¥'e goes below t!B dM1Md 
point. t.."'le heat 18 aut.-Ucall1' tunlad =• 'rho pipes he&1W:lg 
tbta bo'Wfe e:teai f'lw. the acutb end t» tl.."1e nol'th end oz the 
nouae Nnn~ng und.e~ tM entire l~ of b bench. !he w.lTH 
mueh re~te the heat a....""8 aJ.ao loee.ted &t the· aou.tb. end. ot 
the 'bench. When. the heat ie au1Kuatieall.7 tumed on. the 
pipes ~e -.a. ancl 1t nae been tou.nd. 'th&t 1D acme ~ta.no. 
only ~..e aouth end of th.Gae pi,.poa are am While ~:ae at the 
north t1IJd an still cold. 
It ra; be that the t~:re.tu.ve 0£ both all' IUld. aoll ati 
the 90uth «14 o:t tl:1e ben.c.h :rernal•• at a higher level than. that 
at the no~ end. However,. Al1ea (l) ab.awed that ao1l ~--­
ture bad. little ettect on length cf at.ea ci- UJne 0£ tlowerlng 
of col"i.llm at.ooJr...-. Slnce replication 8 waa at the wamor end• 
a. h1.&ba" a.1.r tompe"& wre 1n that reg1® mfl1' explaill ·11fb:r· "'°~ 
plant• perf'omed ao poor~. 
No a~icant cll.1".f'erencu bet.ea aoila could be noted. 
in t&blea 83- mid~~ the n'tabe of ·~lo~a p1ua buda8 
'fa.bl• az. Stoo.ka .. ,;\veraae Nw:iber of 
•nowera Plus ·f:iW18U per .Plant. 
• " : • .. 
Soil TJ'pe I Rep. I : Rep. II : Rep. III 
t .. : • 
O''.le1ll m.1 ~.6 33.8 
W&baah 33.7 M.2 32.:0 
Knox ~.6 as.:; 12.s 
Compost H.4 ao.1 ••• 
';Jebater zo.s K.6 &2.6 
Clinton a.3.6 30.e u.a 
Clarion U.7 u.o 30.a 
Replioa.tiOD. Mean 33.l 32.7 ~.s 
~le 26. Stoeka • Aaal.7e1s ot Varianoe 
o~ the !Imber ot •Plowers Plua 
Buda" per Plant. 
' I • • SolU"Cea ot i Depeea ot • Sum ot I 
1 
l Meana 
: 
~.5 
33.a 
:>a.2 
as.e 
a2.e 
32 •• 
31.7 
1'ar1at1on : "".,,_ i SquaNa c llle&n ~ft 
l I : 
Total 20 36.69 
Soila 6 7.Zt l.22 
Bepli..'1.ona I l.26 o.ee 
E.Xper1mental Error l2 aa.oe 2.34 
The teat cf s1gn1!'1oa:r1co ot d1.ffere;,,11ees in the number of 
•riowera plus bud.a": 
Ii' • 1.22/2~ 1CI •• 
5% point • .s.oo 
J$ point a 4.82 
-so-
per plarlt were the unit of m~ent. 
!be selection ot the moat YigoJ'OUll •'°* ...U.1np •...-1 
to have :L11.e~ed the peNent&g9 ot doublea. OZ ·tbf;t. ft8 
nowerl:ig sp1kes eut tb.ia last ,..u• onl.1148 were e!ngl•• 
r.~L1e tbe pereenta.go of' doubles about 79.9)C. All tho .n.ow.-
ins •1ii.ke• were of hl.g'b, q\1&11_,. and theN. WM onl.7 a Bllgb.t 
wr1at1on between good and poor epikea ~ on pl.ante 1n. 
ti» ya,r!ou.ft aolls (Fig. VI). 
The author 1s well aware r>t t..'le fact that mwirotl'lent&l 
taetora Ye:r;r ~ ~t'*i.r to )"'e&r •vo.n in a ~u"• tUld the 
ocnpar1son ot fY..le year'• data with a:n.otb.er involvetJ conaide~ 
able wriat1on. ~:iowevcr. for in\erN'\• table:• 85 and 26 wre 
1nclucled t-..o ahow a. oompariaoa of the t'le&n belGht or plant. and 
~ J::xe&n num.biir of' ttf1owers plq bud.a• tor the lu t three J'Ml'9• 
In table 2S tor l.943..,. there 18 in moat ouu a deefil&8e 1n 
average beigb.u followed U:l 194ia 1J7 a peat 1n.---..e toJt each 
ot the dU'rerent aoUa. Thia audden !nereaee 1D..,,,... 
heights~ be ascribed to several ihi'~PI '1lft wa:ai te~ 
trures, mem.mtered. a' the fdJ.'!10 the bud.a were vialbl•• ~ bave 
~ plant growtbJ The 84c11 t.1on o-r aultate or atllrJ001& tut 
before the bud• were eet 1~ have au,ppl1ed a muob ~ atinu-
luaJ or tinalJ.7:1 t't'• ao1ls ~<e nore productive the lon.gel"' 
tb8J' w.re uaed. Itmnw@r,- lt 1• the a.utbo.r•a belief that. the 
appl1ca.tlon of .t&rtillser ,Ju.at pNv1oua to nwertng had mon 
of Ul int'luenee tblut the other taeton. It abou.ld •lac be 
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View of several plots . 
A comparison of good and poor 
flowering spikes produced on 
the above soils, with those 
produced on Wabash, the best 
soil . 
Figure VI. Stocks, showing varia-
tion within plots . 
-:o-
Tabl.e 25. Stocks • i&ea.n Haight 0£ Pl&n't 
(Inclle•)• 
. : • • • 
Sotl ~ " 194'0 • 1941 • • • • 
:rnox 
. Gmpo.st 
o •Jieill. 
Clarion 
W•bater 
l'&ba•h 
Cl1•iton 
Soil 
J:nu 
0•10111 
Clarion 
Webater 
W&baah 
ClL--itcn 
compost 
.. l .. 
26.l a•··' 21.3 14.0 
25.8 26.5 
25.0 25.2 
24.2 2Z.l 
24 •. l ~.9 
2-6.l 22.7 
Table 26. stoca • aeaa Number ot 
ttnoara i'lua BUd.a• P'8I' 
Plan~·~ 
. : • 
T)'pe .. 19'0 I 1941 .. 
: I 
21.2 28.2 
28.4 :50.9 
at.8 28., 
2 •• ., se.2 
24.:S 81.6 
a.a.a 8'1.& 
23.2 20 •• 
: 
... .. 
: 
l 
1942 
28.l 
17.t 
ea., 
as.a 
2'7.4 
28.4 
26.8 
1942 
~.a 
U..5 n • ., 
n.e 
33.~ 
u •• 
aa.a 
n.oted 1n table,, S& that th$ ~et.UJ. :mmt.ber of •ti.overs pl.wt 'bw'ie9 
became conaiaten.tly larger eaeh 7-.r. Perbape or gre&ffz- 1&-
torest is the tact that in both tabl•• the Mlat1ve 1WS of 
&n:1 one ao11 obaeJ'Ved the fint ~ .. not ~.u-117 ~ 
taJ.ned tl:l8 aeoond Mid tb.11'4 7-· 
OGe of' ttl.e moat atlJ'ikL~ ~ta t'ound 1d th tl» 411"1'•l'ell' 
soil.a 1:1u been the 'behavior ot ·f;be l:~ 1oa conoen-.t1cm.. 
soil MWples were t.a.ken lfuch 1.1. 1918. fJiOlll the aoap:trag<m 
benoh and aual.J"Zed by the gl&a• elecWode met.bod for pH deter-
mina tio:ns. 'r!• 1'ftaul"5 ~at'~ below._ ad a ocimpariaon 1a 
proaented. with 4•~1natione made 1n the. tall of 1909 ad 
aprins ot 1960. 
f-, ' il I ' ! - ' ·E! 1 - it 1-l li'G-l1l'I llW ti-JU il?d ' PI.I 1 l:l!m'll' i Ii I 111'1 11 t ti 
So11 type 
J. 
-
J'.rca the a'bo\re• 1t 1a obVioua tbat &ll the &oU. we.re 
, m.o:re alkal.iae at the end ot the til'St y~ llfhlle the third 7ear, 
I 
\ 
acne were r~~ore alkaline. cthfll"a ::.~ore acid, El'Ul.'k ( 4}, 1n his 
at'u.dy of the eoll.egc wator and ita J"ICNJpvn.MD on plant growth• 
round tblat the ecntlnual nae of' t.hia •ter increaeed the 
&lkal1nitJ' 0£ the soil. 
Alt.hough all too •~1la W!H':td 1n this e.zperlment baYe w-
oeived the same w.to ~r the past three 7-..ra and ba•e abolNtd 
a tendenq to beoane more alkaltn.e 1'be f"1nt ~, pR dete~ 
m1nat1ona made JlaNh. 6, 19'9 1nd1oated bt Clinton au' l.oall, 
Webster loam.• c•Belll loam and C.lar1on 1'*11 b~ more a.llra-
l.1ne the third ,.~, while eompoa,, ltDOX s1l• loam. am atl>a•h 
a11 t7 cla7 lOlllm becmd more acid.. 
An out.atandir.ig ~ple ot one aoll that became more acid 
tho. tt:liro 1~, 18 tbe oompoat. Sine-• 1t. ocmtained large 
amount.. ot ort:..;anic ratt&r, the deaomJ;!081 t.ion or this m&7 ha:ve 
i-eleas«i atd"t lciontly large 8l:W't;.i.ft.ta ot organic aoida to neut..... 
re.llz• the alltal1n1ty o.f t~e water L,"'J1 even a eertatn •oun' 
of baa• .PJ.'UGD.t in the aoll. .lnem. ellt ~. a:notbilr axm4pl:e 
in tlua group. •• obtainoo frca benuth a bea.,,- dut.f lqe.P 
in a foroat area {26). It JmQ' be tlla.u the 4ecompoe1t1on or 
the more reaiatant component. or the organio Ell&ttffr took place 
With the relea.ee ot largo UIOUfltS 01: OJ"t,"tlr~1G aolda to euffi-
cientl7 neutralize the water and l.ower tho pB or the ao11 to 
a certain extent. Wabash •lltf ola;r loam., the third m_.,,er o~ 
tali• group became on.ly ali~tly more acid• a uria tion t.'l&t 
m&J be attJ"ibuted to aa.rapling. 
-M-
.Iiow.ever. ai.v one c,f tl1e ;.>lI values is wi thiI1 t.~ range 
n10.'!t aat.1.&fa.ctoey for the growth <,):t anapdra.gon.a. Wiggin (41) 
ha.a reported tha.t in tho studies o~ the reaction o~ gs-een-
b:>utle soil, that the greatest number of tlowera ot  
were ~1roductxl betw(:.?an pB e.o - 6.5 a:ld ~beat at.a w1t.b a 
pH or 7.0 ... 7.5. All the soil.a llON witl:dn t.~t ~· 
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Thia paper constitutes the '1111"d. 7-.r report on PNject 
675 of the Iowa .Agicul~ F.Xperim.e:nt station and 0i0'9W• 
an !D.vuUg,at1on ot growth :responsM ot ca.l'mlt1on•• ~ 
1 .... ~. am •tocb to •ix low. ao1laJ a green.bowte 
oompoat -.. included u a atancla:r4. 
'fh1a 1nvoatiga.t1cn maJ be d.1Y14ed into two :pa.rte: (a) 
experiments with new aolla~ and (b) ~•rJaenta with old 
aoil.8 that bad prevlouaJ.7 pro:hteed tour,.orope ot cut f'l.owen. 
Bef'ore pl.ail ting, Ilaf aoil.a to be uae4 to11 the bench crope 
wwe mixed with well-l"Ottod cow tumlU'e 1n the ratio ot • part. 
of' aoll. to l part manuft, and ater111sed with eteea at 100°0. 
tor one ho<.ir. New soil.a uaed 1n tlle pot pl.an~ exper1ael1t were 
treated. with i~!Cl:ure• 3 ~ts &oil to l part~. but these 
aoU. wre oot atsrll1Md.. Old. ao1.le1 . uaed rQ the .PJIOduo-
tion ot two crops ot cu~ flo•••• wve JU'1e4 w1th ~ in 
tll4t ratio of 4 parta aoil t;o l pauwt ~·• •'l<l eterll1Md u 
above bet'ore planting the tint Cttop. Vl'l8D tb.e noond orop 
wu planted the ao1la nre mor.J.7 atUTed up and looeened,.. 
In &l.l caeee the cJll(>pe we"re handled aocord1ng to oca-
JUJ"Cial prao.t1a• u regaN.e propagation• tranaplanUna. tm-
pel'ature, ntering1 pinching• and atald.ng. 
Quu.t1om• 'Var• ~ • ._.. ra1aed. ill O.oh p1c'9 
in nndalll!.aed bloe.'a 111. tll ~o nplica.t1ons ot the dir.feron• 
aoila. Ind1 v1dual plant RO:Orda wei-e kept on tb.e n\lllbor ot 
nO'W'ara per plant. the l.4llgth oz tJ:'i• ..... tM diameter of 
the 1"lCWU1: and tl"le nuaber ot' •pl.it uaJ.:TOOll• 
Pelargonitaa. va~. Sprirlg~. ••re W..ted u pot pla..""lt.a. 
'.J.bwe wre t'!ve pote of •ch of the seven ao1le in every one 
ot the tllne Npl1cat1ona. Thll entire ~"lob aa oor;.l•t•l.J' 
1Ntt0undad WiUl 'b\l.f:ter plant.a,, a aingle row along •oh edge 
ard a poup at botti enda. t?o J"educe poa1t101l&l ett&eta• aJ.1 
-- pl.ante W9re ahifted within their repl1oationa liflf'el7 two 
...-• Au aveage aeon. d.etomJ.11«1 b7 ~ independent 
~-.and 'tll8 d1T we1snt o:t the top.a were uaed to'1! Jtl8U~ing 
~c:mnanoe. 
~. •r• PGJ;ta' sotn.-m, were grown 1n bench 
plota 1n ft..7idom1aod blOGklJ with three :replications of tlie anen 
•oils. l!d.1 vidu&l. plant ftCOJ'd.a Mro kept cm the length of 
the atem and the longtb. ot the intloreaoanoe ot each :flowering 
·~·· 
Non-branchlng atocka. Yt.11". Lilac Lavender, were grown 
clu:ring the apr!nt-; a., a bfmob. crop followj.ng the ~na. 
?.mUrtdual plant rooorda WEu'e k"°'p't on the h.e!sbt ot tho plant., 
tbe •t• J.ens"1. the length or ~ 1atloreftoence. an4 ti.'&e 
number ot "tl..owen pl.us 1:m48*. 
i. carnation• aho•ed atatiatiealJ.1' eignit1eant dU'ferencea 
ot tlowex. per plant. 1'bese di.tf orenoos were aot of aut-
t1c1ont ~tude to be of _._rroial. hlportanoe. 
2. Stem length -.nct dlaileter of the nowers of' carnation did 
not appear to be influenood by the ditf'erent ao1la. 
a. m.s:it tontba of one per cent ot '110 f'lowers of' tb.e oarna-
tima,, var. PollJ1ma,. had sp11t ~oe1i. W&buh ailtJ' 
elq .l.oaa produoed the large.st nlaba ot apl1ta,. followed. 
in oftle:r b7 ocnipoat, Clinton allt loam, Clarion l.oan, 
O'JJ•ill J.oem, Xnoz a1lt loa and fleba~r loam. 
4. Pelargon.1uu• grown u pot plant&, ellOWed higbl.J' e1gn1.f1-
oant ditterancu ot 0Cfllmlerc1al 1tll)Ol"tance 1n aveRge 
aoore anti dr:J ••1gb.t of the tC>p. 
s. Sne.pctra.gona SJ!'W unitora.13' .. 11 1n all. «>11•• ·'f!lere wre 
no aignit1cant difterenooa in a~5e atem length or the 
length ot ~ inflol"Oa~. 
6. Snapd.ragon, plants gram 1D Webuh •ilQ' olq l.oam ,PJ'Od.WMCI 
the 1ougoat flowori11S ap1k:u toll.owed 1n 4-cendina oftler 
b7 t.~a• povn on plan ta in Xnox ail t loam• Webater loam• 
Clinton ailt loam. c•»eill loam, Clariaa loam• and ooa.poat. 
'1. Stocke showed etat1at1aall7 e1gn.U1cant dU'terenoea. or 
no ca.~rolal importance, 1n ~"le height of plant•• ~ 
ftl'19 no d.1tteronces in the llUlnber of "flowen plua buda•. 
a. When the total height of tllO •toclta waa bl*Oken up L"lto 
1ta component p&rts, st.017.i length and l&ngtih ot inf'lol'fta-
eunee. it was t'ound that tl•re wore no a~icant di.t• 
fere:ncea 1n ates length but h1gbl.J' a1911t1oant 411'• 
terences 1n length 0£ intl<>roac«ico,. 
9. Al-.n heigh.ts and mean Il'IJ.mbors o~ nn01tera plua buds" of 
atook.a e;rown 1n the various old •oil.4 t.hia 1ear abo\'h!Jd 
an 1110n>&ee when omi1.P&red with those 0£ two previous 
crops. 
10. When ~gen 10l'l detem.i11a t1ona ot the var1oue •oil.a 
nre ocm;pared with those ot pl'ev1oua ;reara. 1t wae f'ound 
that Clarion loam, Clinton ailt loam• Wobater loam, and 
O'Neill loam b.-.... moN albal.1.neJ oompoat. !'noz •Ut 
1oam., and ?l&baab a1ltJ ~ loa beoemo more acid. 
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